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Background 

..is invention relates generally to the patterning of 

photoresist. ^ 

Photoresist may be utiiizea 
. „es. to a semiconductor «a£er .n a repeatable fashr n. 

basic step Excess solvent is then 

the wafer by a spin-on process. Excess 

Thereafter, certain 
removed in a pre-exposure bake. radiation, 
regions on the wafer are selectively exposed to radrat.o 
71 L wafer Is baked in the so-called post-exposure 

that the pattern of a mask is transferred 

Photoresist to the underlying layer is based at least 
rr:: It is can .ne edge roughness, .he rougher 
the resulting lines transferred to the photoresist, the 

;rer the transfer in the pattern to the sem^onductor 
„,/er, Which in turn may i-^act the performance of 
device under fabrication. 
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Thus, it would ba desirable to reduce the line edge 
roughness of the photoresist. 

description o^ he Drawin gs 
Figure 1 is a schematic cross section o£ one 
embodiment of the present invention, 

Pi,ure 2 is a schematic depiction of an aggregate 
exposed to the electric fields shown in Figure 1; 

Pigure 3 is a schematic depiction of the effect of the 
electric field on the aggregate shown in ^^3"" 

Pigure 4 is a schematic cross sectron of another 

r/rrrr::;.. — 

i of the present invention; 

Pigure 7 is a cross section of still another 
enfcodiment of the present invention; and ^^^^ 
Pigure S is a schematic cross section of an apparatus 
i„ accordance with one e^odiment of the present invention, 
n ailed DescriE tion 
Keferring to Figure 1. a semiconductor substrate 12^ 
3uch as a wafer covered by layers of other mater.al^ such 
as dielectric layers, may be covered by an unexposed 
^developed photoresist 10. The photoresist " 
,S spun-o„ the substrate 12. m one e^^odiment, the substrate 
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.3 W be ,roun... an. t.e p.oto.esi.t .ay be expose, to 
»n electric field indicated by arrows marked E. 

„ ol e^odi^ent, an electric field is applied before 
. durLra pre-apply bake and may i.rove t.e distrib.tron 
polymers in the photoresist. The photores. t 2 may be 
Tanometer or an extreme ultraviolet <BUV) photoresist 
Which may be a blend of two polymers and/or a random 

olvmer containing both polar and non-polar component.- 
^ 12 may be a hydrogen-bonding polymer or 
The photoresist 12 may « => 

c! olymer. such as a PO^V <--Vl-hacrylate, -based or 
polyhraroxy styrene ^leic anhydride and olef .n-based blo.k 

'°'""rhe 1« nanometer photoresist may have aggregates 
randomly distributed in the ^^^^ 
■ These aggregates may contribute to the line edge g 
' Ts me e^odiments. The aggregates ma. be - 

...er spin coating the photoresist XO on the semiconductor 
substrate 1. irrespective of subse^ent -P°-- 
development processes. Further, the roughness of the 
0 photoresist 10 is transferred to the underlying substrate 
12 in subsequent etch processes. 

The aggregates may be denser than the bulk of the 
photoresist 10. The density of these aggregates may 
prevent their complete development, after exposure, by 
,S reducing the dif fusivity/access of acids into the 
aggregates. One problem posed by these aggregates 
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extension in .C. the la.e.a. ana .e..ical direction. Xn 
particular, the extension in the direct.cn parallel th 
rur/ace o. the ...strate 1. be a contrihutin. cause o. 

line edge roughness in seme cases. 

one potential reason tor the aggregates may be 

' ..droTen bond tor^tion hetween polar parts o. the polymer 
Iain forming the photoresist 10. Orienting t e pol r 
polymer chain elements in a more vertical ' 
: Thori^ontal direction, may reduce line edge roughnes • 
Through exposure to an electric field, the aggregate 
Ml (Figure 2, may become more aligned in the -rt.cal 
d rlction, as indicated in Figure 3, at M2 and compacted 
r ta IV AS a result of this action on a large number 

rrega/es, molecules or elements of the photoresist 10, 
15 line edge roughness may be reduced. 

Klectric fields may be appUed prior to exposure, 
.efore or during pre-exposure ba.e, when the photoresist 10 

s above its glass transition te^erature. Th.s may be 
aone b. heating the photoresist film 10 or by so v n - 
20 induced depression of the glass transition temperature. 
Tosure to the electric field B shown in Figure 1 may 

rWe a photoresist 10 swollen with a non-polar solven • 
once the photoresist 10 has ^ or..e^^^^^^^^^^^^ 
field, the solvent may be removed, for example y 
,S pre- xposure ba.e, or other solvent removal techn^^es. 
Is solvent removal may effectively "freeze" or ma.e 
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pem-anent the molecular vertical orientation. The 
orientation o£ the polymer molecules occur durrng 
pre-bake or before the pre-exposure bake. In one 
e„.,odin.ent two pre-exposure bakes .ay be used: an xn.t.al 
Le to orient the polymers, and a second bake to remove 

the solvent . , 
The oriented photoresist XO with the solvent removed 
is ready for exposure and development in a conventiona 
I thcraphic process. These techni^es may be part.cu a ly 
useful in connection with 1« ™n or EUV photoresists that 
,..e aggregates. ^ ^^^^ ^^^^^^ 

The voltage of the ej.ectj.j.>- 
polymers or diblook copolymers that may form the 
ThoIIreeist 10 may be on the order of tens of volts r one 
e^^odiment. The distance between the electrodes that 
cenerate the electric field E may be on the order of one 
Tc meter in one e^odiment, resulting in long range order 
Within the Photoresist 10. The polymer film forming th 
photoresist 10 may be on the order of .00 nanometers thrck 
with high electric fields in the polymer matrxx on the 
order of lo' to lO" V/m as one exa^le. Por 133 nanometer 
►■^ fhs dearee of ordering may 
line edge roughness reduction, the degree 

be on the order of 5-20 nanometers horizontally, for 
exan^le. The voltage to achieve such results -V ^ » - 
order of less than ten volts but the distance of separation 
between the electrodes that apply the field and the 
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semiconductor substrate 10 .ay on the order of a few 
millimeters where a 30o™ wafer is used to form the 
substrate 12. Depending on the size of the wa er, a hrgher 
.oltage on the order of tens to hundreds of volts may be 
utilized to maintain an ec^ivalent electric freld 

A potential benefit of applying an electr.c fxeld 
during pre-exposure bake in some embodiments is that an 
trplied oscillating potential may more evenly distribute 
Z photoacid generators in the resist, reducing one source 
of line edge roughness. 

in another entodiment, an electric field may 
applied during exposure. During exposure, the field may 
elnce photospeed in some e:^diments by add.ng energy t 
.he extreme ultraviolet-generated secondary ele-on-^^^^^^ 
™ay be responsible for activating the photoacrd generators 

. . -^h inherently low line edge roughness 
(PAGs) . Photoresist with inherently 

„ay be accelerated to acceptably fast photospeeds under 

osure to an electric field. :.ring exposure the energy 
adled to a liberated electron depends on the applied leld 
Trength and the distance traveled by the electron before 
it is re-absorbed or scattered. For a 5 nanometer 
scattering distance and ICO volts applied over 100 

nometer thicKness. the extra energy is about SeV which 
„ould be more than the original energy of the secondary 
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according to Figure 4, chemically amplified extreme 
uXtraviolet resist may be controlled using an appUed 
voltage from a voltage source 16. In thrs case, the 
.uhstrate 1. can he covered by a photoresrst layer 1. 
voltage potential ia applied across the P>^-°— ° 

v.«v^ nre-exposure bake or possibly 

L ™ay he in the form of a 

Ta^ltion «hen the electrode ISa is used prior to e.osu 
upon exposure to extreme ultraviolet radrat.on R elect 
e may be released. While a DC potential IS rs depicted. 
AC source may also be used. 

in another embodiment, shown in F.gure 5, a 1 y 

conductive material 1. may be applied over the resist » 
in order to apply the potential. Upon exposur to extreme 
Ultraviolet radiation K, electrons e may be release . The 

V, ^or^oQ-it-ed for example, by 
conductive material 14 may be deposited, 

spin-on coating in one embodiment. 

The material 14 may comprise a «ater-soluble 
conductive organic material, for example, a funct.onaU.ed 
polythiophene. The material 14 may also comprise a 

onductive polymer, for example an onium --na- sa 
photoacid generator. In addition to onrum sulfonate salt 
he material 14 may also comprise acidic ^P-^; 
example, ammonium sulfonate salts. The spun-on electrod 
material 14 may wor. with conventional resists. In 
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n,»i-^rial 14 is water soluble so it may be 
embodiment, the material 

washed away during the development stages. 

...t, referring to Pigure passing alternat ng 
current through a radio <or other, fre^enoy co.l 16b may 
S enhance photospeed by adding energy to ^reme 

ultraviolet generated secondary electrons e. The corl 

. ce the desired electric field without obstructing 
may induce the desired 

the exposure of the photoresist 10. Thus, 

be used both before, after, and during exposure. 

Referring to Figure 7, an electric field may be 
applied to the conductive layer 1. during 
Z.. If sufficiently thin, the layer 14 may also be 
prior to or during exposure. 

Each of a low energy radio frequency coil 16b or 

electrode 16a may apply - " ^ tlTori 16b 

without the use of a conductive material 14. 
Ir electrode 16a simplify the field exposure during post- 
^vnosure bake or pre-exposure bake. 
" Thus, in one e^odiment, the resist may be spun-on and 
exposed. Then the conductive material as shown in Figures 

may be spun-on. Post-exposure baKe of the wafer 
171 aone With an applied potential as shown in Figures 6 
Td S. Thereafter, the exposed structure may be developed 
and rinsed. Alternatively, a potential may be applied 

in still another alternative, potential 
during exposure. Instill ^he potential may 

be applied during pre-exposure bake. 
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be applied during exposure or pre-exposure for example 

using the radio frequency applied field. 

in another e,ri,odi»ent , electric fields may ass.st 

auring development of photoresist. Removal of the exposed. 

baked photoresist by a developer may be by way of an 

baKea pno reaction may occur between 

electro-chemical reaction. The reaction my 

an negatively charged basic developer material, such as 

an neaai- J „v,„fnvf.sist for example 

TMAH, and the polymer forming the photoresist. 

a phenolic compound with the diblocKed polymer to be 

developed away. In the presence of an electric field, the 

Tocal concentration of the developer hydroxyl ions is given 

by the Boltzmann distribution: 

p(z) = poexp[eZ4'(z)/*:T] 

Where po is the ion concentration at the top of the 
developer, e is the electron charge. Z is the valence of 
.he ions, ^(z) is the local potential, . is the Bolt.mann s 
constant and T is temperature. 

By adding an external potential V (operating system) . 
the local density changes as: 

p(z) = poexp[ez(^(z) + V{z)kT] 



25 



allowing the developer concentration to be modified by the 
applied electric field. 
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referring to Figure B, in accordance with another 
enO.odi.ent of the present invention, an -po-d, 
undeveloped wafer W .ay be placed on a ^'^^^^ ^^^^ ^ ^ 

=nraved inside the development module 30 untxi 
aeveloper sprayed .n ^^^^^^^ ^^^^ ^^^^^^ 

: PU aie an electnc field is applied 
rrrpoLed electrode . and the .o n. lane 1.^^ 

. ii.Ki n.t- ft-"" "I "*>' . , „ 

izL ». » - — t rzr 
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^^^"rrc'potential from the source attracts negatively 
char^a and the base developer solution closer to U.e 

Of the ^^^-^--r::::^:^^^^^ 

relatively positive potential . The P 

..e negatively charged ions to the top of th e .st 

the powered electrode is at a relatively pos.t.ve 

1 This results in more uniform distribution of 
iors^uch as negatively charged ions, smoothing 

rierr/elt invention has been deserved with 
.espect to a limited nu:*er of en^odiments, those s.Uled 
ZZ art wi- appreciate numerous modifications and 
L ations therefrom. Xt is intended that the appended 



10 



claims cover all such modifications and variations as fall 

^ „^ of this Dresent invention, 
within the true spirit and scope of thxs pr 

What is claimed is: 
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